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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The invention relates to a catalyst structure in-
cluding a catalyst layer and a manufacturing technology
thereof.

2. Description of the Related Art

[0002] In the chemical industry, various catalysts are
used to accelerate a reaction rate of a specific chemical
reaction. For example, in JP2005-66463A, a plurality of
active sites are formed by preparing sol-like or paste-like
discharge liquids containing active species (catalyst par-
ticles) of a plurality of catalysts different from each other
and discharging each discharge liquid to a surface of a
glass substrate or a metal substrate from anink jet nozzle
in sequence to laminate the active species.

SUMMARY OF THE INVENTION

[0003] In a catalyst used in the chemical industry, cat-
alyst particles such as metal like gold or platinum, alloy,
metal oxide, metal hydroxide or the like are supported
on a catalyst support. This catalyst support is not actively
involved in a catalyst reaction, but interfaces between
the catalyst support and the catalyst particles function as
reaction sites or active sites of the catalyst reaction. Thus,
atechnology toimprove a specific surface area (= surface
area per unit mass or surface area per unit volume) is
desired to enhance a catalyst function.

[0004] However, in the above invention described in
JP2005-66463A, the glass substrate or the metal sub-
strate functions as the catalyst support and a catalyst
structure is configured by supporting the active species
(catalyst particles) on the surface of the catalyst support.
Thus, there has been a certain limit to the improvement
of the specific surface area in the invention described in
JP2005-66463A.

[0005] The invention was developed in view of the
above problem and aims to provide a catalyst structure
having an excellent catalyst function and a technology
to manufacture the catalyst structure.

[0006] According to a first aspect of the invention is a
catalyst structure, and comprises a catalystlayerin which
a plurality of supported catalysts each including a partic-
ulate catalyst support and catalyst particles having a
smaller diameter than the catalyst support and supported
in adispersed manner on a surface of the catalyst support
are bound by a binder.

[0007] According to a second aspect of the invention
is a catalyst structure manufacturing method to manu-
facture a catalyst structure including a catalyst layer, and
comprises: a preparation step of preparing a fluid mate-
rial by mixing supported catalyst including a particulate
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catalyst support and catalyst particles having a smaller
diameter than the catalyst support and supported in a
dispersed manner on a surface of the catalyst support,
a binder and a liquid containing water or a solvent; and
a catalyst layer formation step of forming the catalyst
layer by the fluid material.

[0008] According to a third aspect of the invention is a
catalyst structure manufacturing apparatus to manufac-
ture a catalyst structure including a catalyst layer, and
comprises: a discharge nozzle part to discharge a fluid
material that is includes a supported catalyst including a
particulate catalyst support and catalyst particles having
asmaller diameter than the catalyst support and support-
ed in a dispersed manner on a surface of the catalyst
support, a binder, a liquid containing water or a solvent;
and a moving mechanism to relatively move a base ma-
terial or a manufacturing jig with respect to the discharge
nozzle part; wherein the fluid material is discharged from
the discharge nozzle part toward a principal surface of
the base material or a flat surface of the manufacturing
jig while the base material or the manufacturing jig is
relatively moved with respect to the discharge nozzle part
by the moving mechanism so that the fluid material is
applied onto the principal surface of the base material or
the flat surface of the manufacturing jig.

[0009] According to the catalyst structure, the catalyst
structure manufacturing method and apparatus accord-
ing to the invention, the catalyst layer as a constituent
element of the catalyst structure is formed by binding the
plurality of supported catalysts each including the partic-
ulate catalyst support and the catalyst particles having a
smaller diameter than the catalyst support and supported
in a dispersed manner on the surface of the catalyst sup-
port by the binder. Thus, a specific surface area can be
drastically improved and a catalyst function can be en-
hanced as compared with the catalyst structure de-
scribed in JP2005-66463A, i.e. a catalyst structure in
which a fine domain (area formed by catalyst particles)
is formed on a catalyst support (substrate) having a
shape substantially equal to a final shape of the catalyst
structure.

[0010] The above and further objects and novel fea-
tures of the invention will more fully appear from the fol-
lowing detailed description when the same is read in con-
nection with the accompanying drawing. It is to be ex-
pressly understood, however, that the drawing is for pur-
pose of illustration only and is not intended as a definition
of the limits of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011]

FIG. 1 is a view showing an example of a catalyst
structure manufacturing apparatus suitable for man-
ufacturing a first embodiment of a catalyst structure
according to the invention.

FIG. 2 is an enlarged view showing the configuration
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of the head part in more detail.

FIG. 3 is a view schematically showing a state of
discharged of the fluid material from the head part.
FIGS. 4A and 4B are views showing the first embod-
iment of the catalyst structure according to the in-
vention.

FIG. 5 is a flow chart showing the method to manu-
facture the first embodiment of the catalyst structure
according to the invention.

FIG. 6 is a view showing an example of a catalyst
structure manufacturing apparatus suitable for man-
ufacturing the second embodiment of the catalyst
structure according to the invention.

FIG. 7 is a view schematically showing an inner con-
figuration of a third embodiment of a catalyst struc-
ture according to the invention.

FIG. 8 is a view showing an example of a catalyst
structure manufacturing apparatus suitable for man-
ufacturing the fourth embodiment of the catalyst
structure according to the invention.

FIGS. 9A and 9B are enlarged views particularly
showing the configuration of the head part.

FIG. 10 is a view schematically showing a state of
discharge of the fluid material from the head part.
FIG. 11 is a view showing a forth embodiment of a
catalyst structure according to the invention.

FIGS. 12A and 12B are views showing a method to
manufacture a fifth embodiment of a catalyst struc-
ture according to the invention.

FIG. 13 is a view showing another embodiment of a
catalyst structure according to the invention.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

<First Embodiment>

[0012] FIG. 1 is a view showing an example of a cat-
alyst structure manufacturing apparatus suitable for
manufacturing a first embodiment of a catalyst structure
according to the invention. This catalyst structure man-
ufacturing apparatus (hereinafter, merely referred to as
a"manufacturing apparatus") MAis an apparatus toman-
ufacture a catalyst structure in which a catalyst layer hav-
ing a plurality of rod shaped catalyst parts is formed on
a base material 11 in the form of a flat plate. This appa-
ratus MA can be suitably used, for example, to form in-
dustrial catalysts used in the industrial chemistry.

[0013] In this manufacturing apparatus MA, a stage
moving mechanism 2 is provided on a base B and a stage
3 to hold the base material 11 is movable in an X-Y plane
shown in FIG. 1 by the stage moving mechanism 2. A
frame 121 is so fixed to the base B as to straddle the
stage 3 and a head part 5 is attached to the frame 121.
[0014] The stage moving mechanism 2 includes an X-
direction moving mechanism 21 to move the stage 3 in
an X direction and a Y-direction moving mechanism 22
to move the stage 3in a Y direction from the bottom. The
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X-direction moving mechanism 21 is structured such that
a ball screw 212 is connected to a motor 211 and a nut
213 fixed to the Y-direction moving mechanism 22 is en-
gaged with the ball screw 212. A guide rail 214 is fixed
above the ball screw 212. When the motor 211 rotates,
the Y-direction moving mechanism 22 smoothly moves
in the X direction along the guide rail 214 together with
the nut 213.

[0015] The Y-direction moving mechanism 22 also in-
cludes a motor 221, a ball screw mechanism (not shown
in the figure) and a guide rail 224. When the motor 221
rotates, the stage 3 is moved in the Y direction along the
guide rail 224 by the ball screw mechanism. By the above
configuration, a relative moving direction of the head part
5 with respect to the base material 11 is made change-
able. Each motor of the stage moving mechanism 2 is
controlled by a controller 4 to control the entire apparatus.
[0016] In the head part 5, a discharge nozzle part 52
to discharge a fluid material (sign 10 in FIG. 3) prepared
in advance and a light irradiation part 53 to irradiate UV
rays (ultraviolet rays) toward the base material 11 are
provided on the lower surface of a base 51. Further, a
supply pipe 522 is attached to the discharge nozzle part
52. The supply pipe 522 is connected to a tank 526 to
store the fluid material containing supported catalysts via
a control valve 523, a pump 524 and a flowmeter 525.
The controller 4 drives the pump 524 and controls the
opening and closing of the control valve 523, whereby
the discharge of the fluid material from the discharge noz-
Zle part 52 is controlled to be on and off.

[0017] The light irradiation part 53 is connected to a
light source unit 532 to generate ultraviolet rays via an
optical fiber 531. Although not shown in the figure, the
light source unit 532 includes a shutter openable and
closable on a light emitting part thereof, and emitted light
can be on-off controlled and the light quantity thereof can
be controlled by the opening/closing and an aperture of
the shutter. The light source unit 532 is controlled by the
controller 4.

[0018] FIG. 2 is an enlarged view showing the config-
uration of the head partin more detail and a view showing
the vicinity of the tip of the discharge nozzle part 52 when
the head part 5 is viewed from below. The discharge noz-
zle part 52 is structured such that a plurality of (four in
this example, but not limited to) tubular tip nozzles 521
each including a discharge port 521a project at equal
intervals in the Y direction from a nozzle base 520 having
a tubular hollow interior. Each discharge port 521a com-
municates with the hollow interior. The fluid material con-
veyed from the tank 526 by way of the supply pipe 522
is discharged toward the base material 11 from the dis-
charge ports 521a on the lower ends of the tip nozzles
521. As shown in FIGS. 1 and 2, the tip nozzles 521
extend in a (-Z) direction and a (+X) direction from the
nozzle base 520.

[0019] Further, the lightirradiation part 53 has substan-
tially the same dimension as the nozzle base 520 in the
Y direction to irradiate light to the entire fluid material
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discharged from the plurality of discharge ports 521 a,
and the lower end thereof serves as a lens 532 to con-
dense the light.

[0020] A material of the tip nozzles 521 is not particu-
larly limited. For example, silicon or zirconia crystals can
be used in that contaminants are not mixed with the fluid
material discharged from the discharge ports 521a and
fine processing is possible. Any of the plurality of tip noz-
zles 521 provided in the head part 5 has the same shape.
By setting the shapes of all such tip nozzles requiring a
fine processing identical, processing cost of the tip noz-
zles and, consequently, cost of the entire apparatus can
be reduced. Further, if the plurality of tip nozzles each
including one discharge port and having the same shape
is detachably attached to the nozzle base, it suffices to
exchange only the troubled tip nozzle, for example, when
any of the discharge ports is clogged or damaged by the
fluid material. Thus, the above arrangement is advanta-
geous also in running cost of the apparatus as compared
with the case where the entire discharge nozzle part is
exchanged.

[0021] FIG. 3 is a view schematically showing a state
of discharge of the fluid material from the head part. As
described later, in this embodiment, the fluid material 10
is discharged from the discharge ports 521a of the tip
nozzles 521 while the base material 11 placed on the
stage 3 is moved in the X direction by the stage moving
mechanism 2. Thus, the fluid material 10 discharged to
the base material 11 moves in the X direction (to the right
in FIG. 3) together with the base material 11 from a liquid
landing position P1 where the fluid material 10 first comes
into contact with the base material 11. In terms of a scan-
ning movement relative to the base material 11, it is
equivalent to fix the base material 11 and move the head
part 5. However, itis preferable to fix the head part 5 and
move the base material 11 in view of various pipes con-
nected to the head part 5 and suppression of a variation
of a discharge amount due to the vibration of the nozzles.
[0022] The light irradiation part 53 is provided down-
stream of the discharge nozzle part 52 in a base material
moving direction X, and irradiates light L (e.g. ultraviolet
rays) to the fluid material 10 applied to the base material
11. In the first embodiment, a photo-curable binder resin
is contained as a "binder" of the invention as described
later. Thus, at a light irradiation position P2 where the
light L is irradiated onto the base material 11, the curing
of the fluid material 10 on the base material 11 starts
upon receiving light irradiation from the light irradiation
part 53. In this way, this apparatus MA can form a rod
shaped catalyst part (sign 13 in FIG. 4A) on the base
material 11 and maintain the shape thereof.

[0023] FIGS.4Aand4B areviews showinganexample
of a catalyst structure manufactured by the manufactur-
ing apparatus shown in FIG. 1 and showing the first em-
bodiment of the catalyst structure according to the inven-
tion. This catalyst structure 1A comprises the base ma-
terial 11 and a catalyst layer 12 formed on an upper sur-
face (one principal surface) 111 of the base material 11.
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A material constituting the base material 11 is not partic-
ularly limited and a metal material, a glass material, a
ceramic material, a resin material or the like can be used.
In the case of manufacturing the catalyst structure 1A by
the manufacturing apparatus MA shown in FIG. 1, the
plate shaped base material 11 is used.

[0024] Further, the catalyst layer 12 formed by the
manufacturing apparatus MA shown in FIG. 1 comprises
a plurality of catalyst parts 13 as shown in FIG. 4A. Each
catalyst part 13 has a rod or line shape extending in the
X direction and these plurality of catalyst parts 13 are
provided in parallel while being separated from each oth-
er in a regular interval in the Y direction, i.e. provided in
stripes. Thus, areas of the upper surface 111 of the base
material 11 where the catalyst parts 13 are not formed
are exposed areas. Further, each catalyst part 13 exerts
a catalyst function by containing supported catalysts 14
each including a catalyst support 141 and catalyst parti-
cles 142 having a smaller diameter than the catalyst sup-
port 141 and supported on a surface of the catalyst sup-
port 141.

[0025] Note that, in this embodiment, silica (SiO,), alu-
mina (Al,O5), titanium oxide (TiO,) or the like in a powder
state having a particle diameter of 1 to 100 [.m] is used
as the catalyst supports 141 to form the catalyst part 13
using an application technology using the discharge noz-
zle part 52 to be described in detail next. Further, to exert
the catalyst function by the supported catalysts 14, par-
ticles of a single element such as gold (Au), platinum (Pt)
or palladium (Pd), an oxide or hydroxide thereof having
a smaller diameter than the catalyst supports 141 are
used as the catalyst particles 142 in this embodiment.
[0026] Next, a method to manufacture the above cat-
alyst structure 1A by the aforementioned manufacturing
apparatus MA is described with reference to FIGS. 4A,
4B and 5.

[0027] FIG. 5 is a flow chart showing the method to
manufacture the first embodiment of the catalyst struc-
ture according to the invention. In this first embodiment,
the paste-like fluid material 10 is prepared by mixing the
supported catalysts 14, a photo-curable binder resin, and
a liquid component such as water or an organic solvent
(Step S1) and this fluid material 10 is stored in the tank
526. The fluid material 10 is a non-Newtonian fluid and
desirably has a viscosity of 100 to 1000 [Pascal second]
at a shearing speed of 1 [s-] in consideration of shape
maintenance after discharge to the base material 11.
[0028] Then, the base material 11 is carried into the
apparatus MA in which a preparation for manufacturing
the catalyst structure 1A is completed as described
above, and placed on the stage 3 (Step S2). Then, the
stage moving mechanism 2 is operated to move the base
material 11 to a predetermined application start position
(position of the base material 11 in FIG. 1) so that the
right end of the base material 11 is located at a position
right below and near the head part 5 (Step S3).

[0029] Subsequently, the discharge of the fluid mate-
rial and light irradiation from the discharge nozzle part
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52 and the light irradiation part 53 provided in the head
part 52 are respectively started while the base material
11ismovedin the X direction (Step S4). The fluid material
10 is continuously discharged into rod shape from the tip
nozzles 521, whereby the fluid material 10 is applied in
a plurality of (four in this embodiment) rods (e.g. having
a cross-sectional shape with a width of 70 [um] in the Y
direction and a height of 150 [pm] in the Z direction and
extending in the X direction) parallel to each other on the
base material 11 and the catalyst parts 13 extend in the
X direction. Further, by irradiating ultraviolet rays from
the light irradiation part 53 provided downstream of the
discharge nozzle part 52 in the base material moving
direction X, the catalyst parts 13 are cured and a convex
shape is maintained in a YZ plane. Furthermore, inside
the catalyst part 13, the supported catalysts 14 are bound
to each other by the binder resin 15 as shown schemat-
ically in FIG. 4B and many voids 16 are formed by the
evaporation of a part of the liquid component during the
discharge of the fluid material and light irradiation and
the total volume of the voids 16 reaches about 10 to 30
[%] of the volume of the catalyst part 13. Note that al-
though a step of evaporating a part of the liquid compo-
nent in this way corresponds to an example of an "evap-
oration step" of the invention, the quantity of the voids
16 may be increased by heating the catalyst part 13 be-
fore or after light irradiation and promoting the evapora-
tion of the liquid component.

[0030] When the application of the fluid material 10
from one end to the other end of the base material 11
(application step) and light irradiation are finished, a re-
turn to the application start position is made and the
above operation is repeatedly performed a necessary
number of times (Step S5) until the formation of the cat-
alyst parts 13 on the entire surface of the base material
11 is finished. At this time, the rod shaped catalyst parts
13 can be formed on the entire upper surface 111 of the
base material 11 as shown in FIG. 4A by moving the
position of the base material 11 a predetermined distance
in the Y direction every time one operation is finished.
When the catalyst layer 12 including the plurality of rod
shaped catalyst parts 13 is formed on the upper surface
of the base material 11 to manufacture the catalyst struc-
ture 1A in this way, this catalyst structure 1A is carried
out of the apparatus MA (Step S6). Then, the thus man-
ufactured catalyst structure 1A is accommodated in a
reaction container of one of various apparatuses. For ex-
ample, the catalyst structure 1A is accommodated as a
reforming catalyst in a reforming apparatus to produce
reformed gas.

[0031] As described above, in this embodiment, the
fluid material 10 prepared by mixing the supported cat-
alysts 14, the photo-curable binder resin (binder) and the
liquid component such as water or an organic solvent is
applied into rod shape on the upper surface 111 of the
base material 11 to form the catalyst layer 12 including
of the plurality of catalyst parts 13. In the catalyst layer
12 of the catalyst structure 1A formed in this way, a plu-
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rality of supported catalysts 14 each including the partic-
ulate catalyst support 141 and the catalyst particles 142
having a smaller diameter than the catalyst support 141
and supported in a dispersed manner on the surface of
the catalyst support 141 as shown in FIG. 4B are bound
by the binder resin 15 and a specific surface area can be
drastically improved as compared with a catalyst struc-
ture manufactured by the manufacturing method de-
scribed in JP2005-66463A. Further, since the voids 16
are formed in each catalyst part 13 by evaporating the
liquid component in the fluid material 10 after the appli-
cation of the fluid material 10 in this embodiment, the
specific surface area can be furtherimproved. As a result,
an excellent catalyst function is obtained.

[0032] Further, the specific surface area is improved
not only inside the catalyst layer 12, but also outside the
catalystlayer 12. Thatis, each catalyst part 13 has a self-
standing three-dimensional shape on the upper surface
111 of the base material 11 as shown in FIG. 4A and a
catalystreaction is exerted not only on the ceiling surface
of the catalyst part 13, but also on side surfaces. By form-
ing the catalyst layer 12 by the rod shaped catalyst parts
13 in this way, the specific surface area can be even
more improved and the catalyst function can be further
enhanced.

<Second Embodiment>

[0033] Although the photo-curable binder resin 15 is
used as an example of the "binder" of the invention in
the above first embodiment, a thermosetting binder resin
may be used. A second embodiment of the catalyst struc-
ture according to the invention is described below with
reference to FIG. 6.

[0034] FIG. 6 is a view showing an example of a cat-
alyst structure manufacturing apparatus suitable for
manufacturing the second embodiment of the catalyst
structure according to the invention. This catalyst struc-
ture manufacturing apparatus MB largely differs from the
manufacturing apparatus MA in that a heating part to
heat a stage 3 is provided instead of the light irradiation
part 53. This heating part includes a heater (not shown
in the figure) provided on the stage 3 and a heating unit
31 to control the temperature of the stage 3 by operating
the heater in response to a heating command from a
controller 4. Note that since the other components are
the same as in the manufacturing apparatus MA used in
the first embodiment, they are denoted by the same ref-
erence signs and not described.

[0035] In the second embodiment, the catalyst struc-
ture is manufactured in the following manner. First, sup-
ported catalysts 14, a thermosetting binder resin and a
liquid component such as water or an organic solvent are
mixed to prepare a paste-like fluid material 10. Then, this
fluid material 10 is stored in a tank 526 in advance. When
a base material 11 before a catalyst layer is formed is
placed on the stage 3 of the manufacturing apparatus
MB, the heating of the stage 3 by the heating unit 31 is
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started. Note that a heating start timing of the stage 3 is
not limited to this and, for example, the heating of the
stage 3 may be started by operating the heating unit 31
before the base material 11 is carried into the manufac-
turing apparatus MB.

[0036] The base material 11 is moved to a predeter-
mined application start position (position of the base ma-
terial 11inFIG.6) sothatthe right end of the base material
11 is located at a position right below and near a head
part 5 by operating a stage moving mechanism 2 with
the base material 11 heated by the heated stage 3. Sub-
sequently, the discharge of the fluid material from a dis-
charge nozzle part 52 provided in the head part 5 is start-
ed while the base material 11 is moved in the X direction.
This causes the fluid material 10 to be discharged from
tip nozzles 521, whereby the fluid material 10 is applied
into a plurality of rods parallel to each other on the base
material 11 and rod shaped catalyst parts 13 extend in
the X direction. Further, the rod shaped catalyst parts 13
applied to an upper surface 111 of the base material 11
are immediately heated, thereby being cured to maintain
a convex shape in the YZ plane. Further, as in the first
embodiment, the supported catalysts 14 are bound to
each other by the binder resin 15 and a part of the liquid
component evaporates during the discharge of the fluid
material to form many voids 16 inside the catalyst parts
13. A step of evaporating a part of the liquid component
by the heater in this way corresponds to an example of
the "evaporation step" of the invention.

[0037] When the application of the fluid material 10
from one end to the other end of the base material 11
(application step) is finished, a return to the application
start position is made and the above operation is repeat-
edly performed a necessary number of times until the
formation of the catalyst parts 13 on the entire surface
of the base material 11 is finished as in the first embod-
iment. At this time, the rod shaped catalyst parts 13 can
be formed on the entire upper surface 111 of the base
material 11 by moving the position of the base material
11 a predetermined distance in the Y direction every time
one operation is finished. When the catalyst structure is
manufactured in this way, the catalyst structure is carried
out of the manufacturing apparatus MB and accommo-
dated, for example, in a reaction container of a reforming
apparatus.

[0038] Asdescribed above, alsoin the second embod-
iment, a catalyst structure having an excellent catalyst
function is obtained from the same reason as in the first
embodiment.

<Third Embodiment>

[0039] Although the binder resin is used as the binder
to bind the plurality of supported catalysts 14 to each
other in the above first and second embodiments, fine
particles finer than the catalyst supports may be used.
More specifically, fine particles of silica (SiO,), alumina
(Al,05), titanium oxide (TiO,) or the like can be used. In
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this case, a catalyst structure can be manufactured using
the manufacturing apparatus MB shown in FIG. 6 as in
the second embodiment. A method for manufacturing a
catalyst structure using fine particles (hereinafter, re-
ferred to as "binder fine particles") in the following pro-
cedure is described.

[0040] In this third embodiment, a paste-like fluid ma-
terial 10 is prepared by mixing supported catalysts 14,
binder fine particles, a liquid component such as water
or anorganicsolvent. Then, this fluid material 10 is stored
inatank 526 in advance. When a base material 11 before
a catalyst layer is formed is placed on the stage 3 of the
manufacturing apparatus MB, the stage 3 is heated by
the heating unit 31, the base material 11 is moved to the
application start position and the fluid material is dis-
charged from the discharge nozzle part 52 while the base
material 11 is relatively moved with respect to the head
part 5 as in the second embodiment. This causes the
fluid material 10 to be applied into a plurality of rods par-
allel to each other on an upper surface 111 of the base
material 11 and rod shaped catalyst parts 13 extend in
the X direction. Further, inside the catalyst part 13, the
binder fine particles 17 enter between the supported cat-
alysts 14 to bind the supported catalysts 14 to each other
and many voids 16 are formed by the evaporation of a
part of the liquid component as shown in FIG. 7.

[0041] When the application of the fluid material 10
from one end to the other end of the base material 11 is
finished, a return to the application start position is made
and the above operation is repeatedly performed a nec-
essary number of times until the formation of the catalyst
parts 13 on the entire surface of the base material 11 is
finished as in the first and second embodiments. In this
way, the rod shaped catalyst parts 13 can be formed on
the entire upper surface 111 of the base material 11.
When the catalyst structure is manufactured in this way,
the catalyst structure is carried out of the manufacturing
apparatus MB and accommodated, for example, in a re-
action container of a reforming apparatus.

[0042] As described above, also in the third embodi-
ment, a catalyst structure having an excellent catalyst
function is obtained from the same reason as in the first
and second embodiments.

<Fourth Embodiment>

[0043] The catalyst structures 1 A according to the
abovefirst to third embodiments has a so-called line-and-
space structure in which the plurality of catalyst parts 13
are formed in parallel on the base material 11 while being
separated from each other in a regular interval in the Y
direction. Thus, the upper surface 111 of the base ma-
terial 11 is exposed between the catalyst parts 13 adja-
cent to each other, and no catalyst reaction occurs in
these exposed parts. Contrary to this, a catalyst part hav-
ing a planar shape (hereinafter, referred to as a "planar
catalyst part") may be formed on the upper surface 111
of the base material 11 and a plurality of rod shaped
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catalyst parts 13 may be formed on the upper surface of
this planar catalyst part as described next. In this case,
the specific surface area can be further increased. A
fourth embodiment of the invention is described below
with reference to FIGS. 8 to 11.

[0044] FIG. 8 is a view showing an example of a cat-
alyst structure manufacturing apparatus suitable for
manufacturing the fourth embodiment of the catalyst
structure according to the invention. This catalyst struc-
ture manufacturing apparatus MC largely differs from the
manufacturing apparatus MA in that another head part 7
(hereinafter, referred to as a "second head part 7") to
form a planar catalyst part is provided besides a head
part 5 (hereinafter, referred to as a "first head part 5") to
form rod shaped catalyst parts. Note that the other com-
ponents are basically the same as in the manufacturing
apparatus MA. Accordingly, the following description is
centered on points of difference and the same compo-
nents are denoted by the same reference signs and not
described.

[0045] In this manufacturing apparatus MC, a frame
122 different from a frame 121 is so fixed to a base B as
to straddle a stage 3 in order to provide the second head
part 7. The second head part 7 is attached to the frame
122. Note that the second head part 7 is arranged at a
distance from the first head part 5 in a (-X) direction to
form the planar catalyst part by the second head part 7
before the rod shaped catalyst parts are formed by the
first head part 5.

[0046] This second head part 7 includes a base 71, a
discharge nozzle part 72 and a light irradiation part 73
similarly to the first head part 5. Further, a tank 726 to
store a fluid material containing supported catalysts is
connected to the discharge nozzle part 72 via a supply
pipe 722, a control valve 723, a pump 724 and a flowm-
eter 725. The controller 4 controls the opening and clos-
ing of the control valve 723, whereby the discharge of
the fluid material from the discharge nozzle part 72 is
controlled to be on and off.

[0047] FIGS. 9A and 9B are enlarged views showing
the configurations of the head parts in more detail. More
specifically, FIG. 9A is a view showing the vicinity of the
tip of the discharge nozzle part 72 when the second head
part 7 is viewed from below and FIG. 9B is a view showing
the vicinity of the tip of a discharge nozzle part 52 when
the first head part 5 is viewed from below. As can be
understood from these figures, the second head part 7
also includes a nozzle base 720 and a tip nozzle 721
similarly to the first head part 5, but differs from the first
head part 5 in the following points. Specifically, the sec-
ond head part 7 includes one discharge port 721a pro-
vided in the tip nozzle 721. A width of the discharge port
721 a in the Y direction is larger than that of each dis-
charge port 521a and, more specifically, slightly longer
than a distance from a (+Y) direction end of the discharge
port 521a on a farthest (+Y) direction side to a (-Y) direc-
tion end of the discharge port 521a on a farthest (-Y)
direction side. Thus, the rod shaped catalyst parts can
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be formed of the fluid material discharged from each dis-
charge port 521 a on the upper surface of the planar
catalyst part formed of the fluid material discharged from
the discharge port 721 a as described later. Note that
denoted by sign 732 in FIG. 9Ais a lens to irradiate light
to the entire fluid material discharged from the discharge
port 721a.

[0048] In the fourth embodiment, a catalyst structure
1B shown in FIG. 11 is manufactured using the manu-
facturing apparatus MC configured as described above.
First, as in the first embodiment, a paste-like fluid material
10 is prepared by mixing supported catalysts 14, a photo-
curable binder resin and a liquid component such as wa-
ter or an organic solventin advance and this fluid material
10 is stored in the tanks 526, 726. The fluid materials 10
stored in the respective tanks 526, 726 have the same
composition, but are respectively referred to as a "fluid
material 10B" and a "fluid material 10A" for convenience
of the description of an operation to be given later.
[0049] When abase material 11 before a catalyst layer
is formed is placed on the stage 3 of the manufacturing
apparatus MC, a stage moving mechanism 2 is operated
to move the base material 11 to a predetermined appli-
cation start position (position of the base material 11 in
FIG. 8) so that the right end of the base material 11 is
located at a position right below and near the head part
7. Subsequently, the discharge of the fluid material and
lightirradiation from the discharge nozzle part 72 and the
lightirradiation part 73 provided in the head part 7 located
on an upstream side in a base material moving direction
X out of the two head parts are respectively started while
the base material 11 is moved in the X direction. Note
that, in this stage, the discharge of the fluid material and
light irradiation from the discharge nozzle part 52 and a
light irradiation part 53 provided in the head part 5 are
both stopped.

[0050] By discharging the fluid material 10A from the
tip nozzle 721, the fluid material 10 is applied wide in the
Y direction on the base material 11, thereby planar cat-
alyst part 18 is formed (refer to FIGS. 10 and 11). Further,
by irradiating ultraviolet rays from the light irradiation part
73 provided downstream of the discharge nozzle part 72
in the base material moving direction X, the catalyst part
18 is cured and the planar shape is maintained. Then,
by moving the base material 11 in the X direction while
the discharge of the fluid material by the discharge nozzle
part 72 and light irradiation from the light irradiation part
73 are continued, the planar catalyst part 18 extends in
the X direction and, consequently, a (+X) direction side
end part of the planar catalyst part 18 moves to a position
right below the head part 5. Then, the formation of the
rod shaped catalyst parts 13 by the head part 5 is started
and a plurality of rod shaped catalyst parts 13 are formed
on the planar catalyst part 18 while being separated in
the Y direction as shown in FIG. 10. Note that the rod
shaped catalyst parts 13 are formed in the same manner
as in the first embodiment. In this way, a catalyst layer
12 having a toothed belt shape is formed on the base
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material 11 as shown in FIG. 11 and, inside the catalyst
layer 12, the supported catalysts 14 are bound to each
other by the binderresin 15and many voids 16 are formed
by the evaporation of a part of the liquid component dur-
ing the discharge of the fluid material and light irradiation
as in the first embodiment (refer to FIG. 4B).

[0051] When the formation of the planar catalyst part
18 from one end to the other end of the base material 11
is completed, the application of the fluid material 10A and
light irradiation are finished. When the formation of the
rod shaped catalyst parts 13 from the one end to the
other end of the base material 11 is subsequently com-
pleted, the application of the fluid material 10B and light
irradiation are finished. A return to the application start
position is made and the above operation is repeatedly
performed a necessary number of times until such for-
mation of the catalyst parts 18, 13 on the entire surface
of the base material 11 is finished. At this time, the posi-
tion of the base material 11 is moved a predetermined
distance in the Y direction every time one operation is
finished. In this way, the catalyst layer 12 formed by lam-
inating the planar catalyst part 18 and the plurality of rod
shaped catalyst parts 13 on the entire upper surface 111
of the base material 11 is formed on the upper surface
of the base material 11 to manufacture the catalyst struc-
ture 1B. Thereafter, the catalyst structure 1B is carried
out of the manufacturing apparatus MC and accommo-
dated in a reaction container of a reforming apparatus.

[0052] As described above, in the fourth embodiment,
not only a catalyst structure having an excellent catalyst
function is obtained from the same reason as in the first
to third embodiments, but also the planar catalyst part
18 is exposed between the rod shaped catalyst parts 13
adjacent to each other. Thus, the specific surface area
can be more improved than in the first to third embodi-
ments.

<Fifth Embodiment>

[0053] In the fourth embodiment, the catalyst layer 12
is formed by forming the rod shaped catalyst parts 13 on
the upper surface of the planar catalyst part 18 formed
on the upper surface 111 of the base material 11 and the
planar catalyst part 18 and the rod shaped catalyst parts
13 are integrated in the catalyst layer 12. As shown in
FIGS. 12A and 12B, after a catalyst layer 12 including a
planar catalyst part 18 and rod shaped catalyst parts 13
is formed on a flat surface 191 of a manufacturing jig 19,
this catalyst layer 12 may be separated from the manu-
facturing jig 19 (separation step) and this separated body
(= catalyst layer 12) may be good as a catalyst structure
1C. In this case, the peelability of the catalyst layer 12
from the flat surface 191 of the manufacturing jig 19 is
desirably better than that from the upper surface 111 of
the base material 11, e.g. the flat surface 191 is desirably
made of a material having a smaller surface tension than
a surface tension of the upper surface 111. Note that, in
the fifth embodiment, the planar catalyst part 18 formed
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on the flat surface 191 of the manufacturing jig 19 corre-
sponds to an example of a "planar part" of the invention.

<Miscellaneous>

[0054] As described above, the binder resin 15 or the
binder fine particles 17 are used as the "binder" of the
invention in each of the above embodiments, but specific
examples of usable "binder" include "polyvinylidene dif-
luoride (PVDF: PolyVinylidene DiFluoride), styrene-
butadinene rubber (SBR: Styrene-Butadinene Rubber),
carboxymethyl cellulose (CMC: CarboxyMethyl Cellu-
lose), nano-silica, nano-alumina, and nano-titanium ox-
ide. Further, the rod shaped catalyst parts 13 and the
planar catalyst part 18 respectively correspond to an ex-
ample of "first shape catalyst parts" and an example of
a "second shape catalyst part" of the invention.

[0055] Further, in the above embodiments, a step of
preparing the fluid material (Step S 1, etc.) corresponds
to an example of a "preparation step" of the invention,
and a step of forming the catalyst part(s) by the discharge
of the fluid material fromthe head part(s) 5, 7 corresponds
to an example of a "catalyst layer formation step" of the
invention.

[0056] Notethattheinventionis notlimited to the afore-
mentioned embodiments and various changes other than
the aforementioned ones can be made without departing
from the gist of the invention. For example, a plurality of
catalyst structures (= base materials 11 + catalyst layers
12) according to the above first to fourth embodiments
may be combined. For example, an assembly obtained
by laminating a plurality of catalyst structures 1A as
shown in FIG. 13 may be used as a catalyst structure
1D. Onthis point, the same applies also when the catalyst
structure 1A, 1B are combined, when a plurality of cata-
lyst structures 1C (= catalyst layers 12) according to the
fifth embodiment are combined or when the catalyst
structure 1C is combined with the catalyst structure
1A(1B).

[0057] Further, in the above embodiments, the rod
shaped catalyst part 13 having a cross-sectional shape
with a width of 70 [um] in the Y direction and a height of
150 [m] in the Z direction is formed as the "first shape
catalyst part" of the invention. However, the rod shaped
catalyst part 13 has only to have a self-standing three-
dimensional shape. Examples of the "first shape catalyst
part" of the invention include a catalyst part 13 having a
rectangular parallelepipedic shape with a width of 30 to
300 [m] in the Y direction and a heightin the Z direction,
which is 0.2 to 3 folds of the width in the Y direction, an
island shaped catalyst part 13 and the like.

[0058] Further, althoughthe plurality of rod shaped cat-
alyst parts 13 are provided in stripes in a plan view as
shown in FIGS. 4A, 4B, 11, 12A and 12B in the above
embodiments, an arrangement mode of the plurality of
rod shaped catalyst parts 13 is arbitrary without being
limited to this. For example, the catalyst parts 13 may be
in a lattice arrangement in a plan view.
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[0059] Although the shapes of the catalyst parts 13, 18
are maintained utilizing the photo-curable property or
thermosetting property of the binder in the above embod-
iments, the shape may be maintained by preparing the
fluid material 10 having a relatively high viscosity or con-
trolling the viscosity of the catalyst partsimmediately after
application using a quick-drying solvent such as acetone
or alcohols as the liquid component.

[0060] Further, although the catalystlayer 12 is formed
only on the one principal surface 111 of the base material
11 in the above first to fourth embodiments, a catalyst
layer may be formed on the other principal surface of the
base material 11, too.

[0061] Furthermore, although the invention is applied
to the catalyst structure that functions as a reforming cat-
alystto produce reformed gasinthe above embodiments,
an application target of the invention is not limited to this
and the invention can be applied to catalysts in general
used in the chemical industry.

[0062] Although the invention has been described with
reference to specific embodiments, this description is not
meant to be construed in a limiting sense. Various mod-
ifications of the disclosed embodiment, as well as other
embodiments of the invention, will become apparent to
persons skilled in the art upon reference to the description
of the invention. It is therefore contemplated that the ap-
pended claims will cover any such modifications or em-
bodiments as fall within the true scope of the invention.

Claims

1. A catalyst structure, comprising a catalyst layer in
which a plurality of supported catalysts each includ-
ing a particulate catalyst support and catalyst parti-
cles having a smaller diameter than the catalyst sup-
port and supported in a dispersed manner on a sur-
face of the catalyst support are bound by a binder.

2. The catalyst structure according to claim 1, further
comprising a base material,
wherein the catalyst layer is formed on the base ma-
terial.

3. The catalyst structure according to claim 2, wherein:

the catalyst layer includes a plurality of first
shape catalyst parts formed to have arod shape
orisland shape; and

the plurality of first shape catalyst parts are ar-
ranged at a distance from each other so that one
principal surface of the base material is partially
exposed.

4. The catalyst structure according to claim 2, wherein:

the catalyst layer includes a first shape catalyst
part formed to have a rod shape or island shape
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and a second shape catalyst partformed to have
a planar shape; and
the second shape catalyst part is formed on one
principal surface of the base material and the
first shape catalyst part is formed on the second
shape catalyst part.

5. The catalyst structure according to claim 1, wherein:

the catalyst layer includes a first shape catalyst
part formed to have a rod shape orisland shape
and a second shape catalyst partformed to have
a planar shape; and

the first shape catalyst part is formed on the sec-
ond shape catalyst part.

6. The catalyst structure according to any one of claims
1 through 5, wherein:

a plurality of voids are formed in the catalyst lay-
er.

7. The catalyst structure according to claim 1, wherein:

the catalyst layer is formed using a fluid material
prepared by mixing the plurality of supported
catalysts, the binder and a liquid containing wa-
ter or a solvent.

8. The catalyst structure according to claim 7, further
comprising a base material,
wherein the catalyst layer is formed by applying the
fluid material to the base material.

9. The catalyst structure according to claim 8, wherein:

the catalyst layer is formed by applying the fluid
material into rod shape or island shape to one
principal surface of the base material.

10. The catalyst structure according to claim 8, wherein:

the catalyst layer is formed by applying the fluid
material in a planar manner to one principal sur-
face of the base material to form a planar catalyst
part and applying the fluid material into rod
shape orisland shape to the planar catalyst part.

11. The catalyst structure according to claim 7, wherein:

the catalyst layer is formed by applying the fluid
material in a planar manner to a flat surface of
amanufacturing jig to form a planar catalyst part,
applying the fluid material into rod shape or is-
land shape to the planar catalyst part and sep-
arated from the manufacturing jig.

12. The catalyst structure according to any one of claims
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7 through 11, wherein:

the catalystlayerincludes voids formed by evap-
orating the liquid.

A catalyst structure manufacturing method to man-
ufacture a catalyst structure including a catalyst lay-
er, comprising:

a preparation step of preparing a fluid material
by mixing supported catalyst including a partic-
ulate catalyst support and catalyst particles hav-
ing a smaller diameter than the catalyst support
and supported in a dispersed manner on a sur-
face of the catalyst support, a binder and a liquid
containing water or a solvent; and

a catalystlayer formation step of forming the cat-
alyst layer by the fluid material.

The catalyst structure manufacturing method ac-
cording to claim 13, wherein:

the catalyststructure furtherincludes abase ma-
terial to support the catalyst layer; and

the catalyst layer formation step includes an ap-
plication step of forming the catalyst layer by ap-
plying the fluid material onto the base material.

The catalyst structure manufacturing method ac-
cording to claim 13, wherein:

the catalyst layer formation step includes an ap-
plication step of forming the catalyst layer by ap-
plying the fluid material in a planar manner to a
flat surface of a manufacturing jig to form a pla-
nar part and applying the fluid material into rod
shape or island shape to the planar part and a
separation step of separating the catalyst layer
from the manufacturing jig after the application
step.

The catalyst structure manufacturing method ac-
cording to claim 14 or 15, wherein:

the catalyst layer formation step further includes
an evaporation step of providing voids in the cat-
alyst layer by evaporating the liquid after the ap-
plication step.

A catalyst structure manufacturing apparatus to
manufacture a catalyst structure including a catalyst
layer, comprising:

a discharge nozzle part to discharge a fluid ma-
terial thatis includes a supported catalystinclud-
ing a particulate catalyst support and catalyst
particles having a smaller diameter than the cat-
alyst support and supported in a dispersed man-
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10

18

neron a surface of the catalyst support, abinder,
a liquid containing water or a solvent; and

a moving mechanism to relatively move a base
material or a manufacturing jig with respect to
the discharge nozzle part;

wherein the fluid material is discharged from the
discharge nozzle part toward a principal surface
of the base material or a flat surface of the man-
ufacturing jig while the base material or the man-
ufacturing jig is relatively moved with respect to
the discharge nozzle part by the moving mech-
anism so that the fluid material is applied onto
the principal surface of the base material or the
flat surface of the manufacturing jig.
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